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Background: Attention defi cits are common post stroke and result in poorer functional outcomes. This study examined 
the frequency of attention defi cits after incident stroke and their correlates. Method: Attention of 94 stroke survivors 
was assessed using the Bells test, Trails Making Test A/B, 2.4- and 2.0-second trials of the Paced Auditory Serial Addition 
Test (PASAT), and Integrated Auditory Visual Continuous Performance Test (IVA-CPT) within 3 weeks post stroke. Wider 
functioning was assessed using the Medical Short Form-36 (SF-36) Physical and Mental Component Summary scores 
(PCS and MCS), London Handicap Scale, Modifi ed Rankin Scale, General Health Questionnaire-28, and Cognitive Failures 
Questionnaire (CFQ). Results: Most participants were impaired or very impaired on the IVA-CPT (z scores > 3 SDs below 
normative mean) but not other attention measures. Functional independence and cognitive screening test (Mini-Mental 
State Examination) performance were signifi cantly related to IVA-CPT, Trails A/B, and Bells tests but not PASAT. Better 
performance across the Bells test was related to better SF-36 PCS, whereas Trails A and the PASAT were related to SF-36 
MCS. Better CFQ naming was related to Trails B, whereas worse CFQ memory was related to better PASAT performance. 
Conclusion: Attention defi cits are common post stroke, though frequency varies widely across the forms of attention 
assessed, with tests of neglect and speeded attention tasks being linked to quality of life. This variability of performance 
and linking to wider outcomes suggests the need for comprehensive assessment of attention and that attention is a viable 
target for rehabilitative efforts. Key words: attention, functional outcomes, incident stroke
Neuropsychological test batteries reveal that attention is a primary area of poststroke cognitive deficits, with these deficits 
being particularly common after right hemisphere 
lesion.1 In 168 stroke survivors,2 31.3% of 
individuals experienced visual inattention, with 
39.1% having wider executive dysfunction 
(ie, cognitive fl exibility and Test of Everyday 
Attention), leading to an estimate of 31% to 35% 
of stroke survivors experiencing attention defi cits. 
A 2-year noninterventionist stroke longitudinal 
study3 concluded that attention defi cits were the 
most prominent neuropsychological changes, 
improving on average by only 7% in persons with 
left-hemisphere brain lesions and 28% in those 
with right-hemisphere brain damage. In studies 
comparing stroke survivors without dementia with 
age-matched controls and patients with Alzheimer’s 
disease (AD), severity of attention defi cits was 
similar for stroke and AD groups, although stroke 
patients had fewer impairments of memory.4,5 
Stroke survivors also have impaired divided 
attention relative to controls.6 When divided 
and switching attention and their relationship to 
daily living (Stroke Impact Scale) were examined 
in 55 ischemic stroke survivors and 39 healthy 
controls who did not differ signifi cantly in age, 
gender, or education, community stroke survivors 
experienced signifi cant attention defi cits.7
Broadbent8 presented the fi rst comprehensive 
model of attention as a single-fi lter, limited-capacity, 
information-processing framework in which only 1 
stimulus could be attended to at a time. This theory 
was modifi ed in Treisman’s9,10 2-channel model of 
selective attention in which nonattended stimuli are 
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example, distractibility and poor selective attention 
are reportedly common in acute hospitalized stroke 
patients and are associated with impaired balance 
and functional impairment,21 suggesting selective 
and divided attention should be a focus of stroke 
rehabilitation. Sustained attention at 2 months post 
stroke signifi cantly predicts functional recovery 2 
years post stroke.22 Also, attention is a key component 
in learning new skills, particularly in the early stages 
of learning,23 which makes it particularly relevant to 
successful rehabilitation. Thus, it is not surprising 
that the American Heart Association24 endorsed 
recommendations for early identification and 
rehabilitation of attention defi cits in stroke patients.
The purposes of this study were (1) to identify the 
frequency of various forms of attention defi cit (both 
visual and auditory) after fi rst-ever stroke, which 
might then be targeted for rehabilitation; (2) to 
identify characteristics (ie, demographics, stroke 
characteristics, poststroke functioning) associated 
with greater likelihood of attention defi cits; and 
(3) to examine relationships between measures 
of attention and measures of disability, handicap, 
and health-related quality of life. To achieve 
these aims, we used a battery of tests and a wide 
range of functional outcome measures that assess 
the various aspects of attention (ie, Continuous 
Performance Test [auditory and visual sustained, 
selective, alternating attention], cancellation task 
[visual focused attention/neglect], Trail Making 
Test A [visual sustained attention] and B [visual 
alternating and divided attention], and the PASAT 
[auditory alternating and divided attention]).
Method
Participants
Participants were 94 survivors of first-
ever ischemic stroke or primary intracerebral 
hemorrhage consecutively admitted to 2 hospitals 
in Auckland, New Zealand, over 18 months. 
Individuals were excluded if they were unable 
to give informed consent; experienced severe 
cognitive defi cits precluding participation (Mini-
Mental State Examination [MMSE] < 20); were 
not medically stable (eg, heart failure); were not 
fl uent in English, as standardized administration 
of tests requires English fl uency; or had another 
not completely fi ltered out but attenuated according 
to their subjective importance. Subsequent 
theories11,12 suggest that all stimuli are analyzed 
with further processing of pertinent stimuli just 
before entry into longer lasting memory, effectively 
placing the locus of the bottleneck later in the 
process continuum. Kahneman13 argued for a fi nite 
cognitive capacity to devote to tasks; the number 
of activities that can be performed is determined 
by the capacity each requires, which is controlled 
by a “central processor” that adjusts and allocates 
attention accordingly. It was Allport’s14 model that 
provided a theoretical basis for divided attention, 
arguing for several separate modules for different 
kinds of input. Similarly, Baddeley and Hitch’s15 
model of working memory included a “central 
executive” that is primarily attentional in nature 
and responsible for directing attention to and 
from a phonological loop (verbal stimuli) and a 
visuospatial sketchpad (visuospatial stimuli); this 
model was later expanded to include a third system, 
the episodic buffer.16 Brain imaging has provided a 
functional anatomy of the human attention system, 
and most researchers now conceive it as a system in 
which sequential processing occurs in stages using 
different brain systems.17
Clinical models of attention differ from investigative 
models. One of the most commonly used models for 
the clinical assessment and remediation of attention 
deficit is Sohlberg and Mateer’s18 hierarchical 
model of attention, which is based on the recovery 
of attention processes of individuals with brain 
injury after coma. In this model, attention is not a 
unitary entity but includes perceiving individual 
items (focused attention), concentrating (sustained 
attention), avoiding distractions (selective attention), 
shifting focus (alternating attention), and responding 
to multiple tasks simultaneously (divided attention). 
These various aspects of attention are assessed using 
a combination of measures, such as Continuous 
Performance Tests (sustained, selective, alternating 
attention), cancellation tasks (focused attention, 
neglect), and tasks such as the Trail Making Test 
A and B19 and the Paced Auditory Serial Addition 
Test (PASAT20; alternating, divided attention). 
Thus, in rehabilitation, comprehensive assessment 
is required to determine what form(s) of attention 
defi cit are present as even small attention defi cits 
have been linked to poorer functional outcomes. For 
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condition that could impact results (eg, drug/
alcohol abuse, signifi cant aphasia or hemiparesis). 
Eligible stroke survivors were approached within 
3 weeks after stroke onset (mean = 17.9 days, 
SD = 10.05). All participants provided written 
informed consent, and the study was approved 
by the regional ethics committee. Participants 
included all those individuals who completed 
initial screening for potential attention defi cit as 
part of a randomized clinical trial of cognitive 
rehabilitation for attention.25 As seen in Table 1, 
the sample was roughly half male and half female, 
with the majority being married, of European 
ethnicity, and right handed. The majority of 
strokes were ischemic, with slightly more having 
occurred within the left hemisphere. Mean score 
on the Barthel Index26 indicated a group of patients 
with a relatively high level of independence in 
performing activities of daily living.
Measures
Bells test
The Bells test27 consists of an A4-sized paper 
divided into 7 vertical sections, each containing 
35 distracter fi gures (eg, birds, key, car) and 5 
target fi gures (bells). All fi gures are solid black 
silhouettes. The participant is presented with a 
practice sheet in which a single bell is presented 
in the center, surrounded by 14 distracters, and 
is asked to name each object. The examiner then 
presents the test sheet and asks the participant 
to circle all the bells he or she can fi nd. If the 
participant stops before all the bells are circled, 
he or she is asked to check the work. The scores 
received for this test are the total number of 
omissions in the 3 left sections versus the center 
and the 3 right sections. More than 3 missing bells 
has been associated with presence of defi cit. The 
Bells test is reported to be more sensitive to neglect 
in stroke patients than other cancellation tasks.28
Integrated Visual Auditory Continuous 
Performance Test
The Integrated Visual Auditory Continuous 
Performance Test29 (IVA-CPT) is a computerized 
assessment in which examinees press a button 
Table 1. Demographic and stroke characteristics 
of participants
Characteristic N = 94
Age, mean (SD), years 68.22 (15.65)
Gender, n (%)
 Male 54 (57.4)
 Female 40 (42.6)
Ethnicity, n (%)
 European 58 (61.7)
 Ma-ori 11 (11.7)
 Pacifi c Island 7 (7.5)
 Indian 2 (2.1)
Marital status, n (%)
 Married 57 (60.6)
 Single 21 (22.3)
 Separated/divorced 3 (3.2)
 Widowed 13 (13.8)
Handedness, n (%)
 Left 8 (8.5)
 Right 86 (91.5)
Education, n (%)
 Primary 10 (10.6)
 Secondary 54 (57.4)
 College 13 (13.8)
 University 17 (18.1)
Barthel Index, mean (SD) 14.62 (5.68)
MMSE, mean (SD) 26.85 (2.59)
Stroke type, n (%)
 Ischemic 82 (87.2)
 TACS 8 (9.8)
 PACS 34 (51.2)
 LACS 11 (13.4)
 POCS 7 (8.5)
 Uncertain 22 (26.8)
 Intracerebral haemorrhage 6 (6.4)
 Subarrachnoid haemorrhage 2 (2.1)
 Uncertain 4 (4.3)
Hemisphere of lesion, n (%)
 Left 46 (50.5)
 Right 41 (45.1)
 Other 4 (4.4)
Days post stroke, mean (SD) 17.99 (10.05)
Note: MMSE = Mini-Mental State Examination; TACS = total 
anterior circulation stroke; PACS = partial anterior circulation 
stroke, LACS = lacunar stroke, POCS = posterior circulation stroke.
when they see or hear a “1” (target) and do not 
press when they see or hear a “2” (foil). After a 
warm-up and 32 practice items, the test has 500 
trials and lasts for approximately 13 minutes. 
Equal numbers of auditory and visual stimuli 
are presented in a pseudorandom order. As a 
measure of attention, vigilance scores indicate 
466 TOPICS IN STROKE REHABILITATION/NOV-DEC 2010
and 2.0-second ISI). Performance is the total 
number of correct responses produced, with 
standard scores calculated based on age-
adjusted normative data. It was selected so that 
assessment of auditory attention need not be 
solely reliant on the auditory index of the IVA-
CPT. Lezak17(p365) reported that, despite being 
a diffi cult and stressful test, “it can be useful 
for those patients whose subtle attentional 
defi cits need to be made obvious.” As with 
most neuropsychological tests, the PASAT 
requires multiple abilities with factor-analytic 
studies, indicating that it is more related to 
speed of processing and attention than to 
memory, visuoconstruction, or verbal ability.34 
All administration and scoring were conducted 
according to standardized procedures. The 
PASAT is a commonly used task within clinical 
populations, including stroke.35
Barthel Index
The 10-item Barthel Index36 rates an individual’s 
ability to engage in independent activities of daily 
living (eg, feeding, bathing, dressing). Scores range 
from 0 to 100, with higher scores indicating higher 
levels of independence. It is widely used in stroke 
populations; it has high levels of reliability37,38 
and is a good predictor of stroke outcome and 
refl ection of overall stroke severity.39
Mini-Mental State Examination
The MMSE40 is a 30-point questionnaire used to 
screen for cognitive impairment. It is also used to 
estimate the severity of cognitive impairment at a 
given time and to follow the course of cognitive 
changes in an individual over time. The MMSE 
includes orientation to self and to the time 
and place of the test, repeating lists of words, 
arithmetics such as the serial 7s, language use 
and comprehension, and basic motor skills (eg, 
copy 2 pentagons). Lower scores indicate greater 
cognitive impairment.
Medical Short Form-36
The Medical Short Form-3641 (SF-36) was 
used to assess self-rated physical and mental 
errors of omission, with separate quotient scores 
for visual, auditory, and full-scale attention. IVA-
CPT scores are calculated as quotient scores that 
have a mean of 100 and a standard deviation of 
15. This task has been used to monitor treatment-
related changes in attention post stroke.25 The 
IVA-CPT also includes an index of persistence, 
which is described as a measure of motivation 
when the test taker is asked to do “one more 
thing.” In addition to reduced motivation, poor 
scores on this index can refl ect motor or mental 
fatigue.
Trails A and Trails B19,28
Trail Making Tests A and B assess mental 
fl exibility, attention, and speed with a motor 
component, taking 5 to 10 minutes to administer.30 
Trails A requires the participant to connect 
numbered circles in order as quickly as possible 
and requires visual sustained attention.31 Errors 
are immediately corrected by the experimenter, 
and participants are told to resume from where 
they made the mistake. In Trails B, there are circled 
numbers and letters on the page, and the participant 
must alternate connecting numbers and letters (ie, 
1-A-2-B-3-C, etc), which requires that attention be 
divided and alternating. Performance is measured 
as the time in seconds taken to complete each 
task. Raw scores are converted to standard scores 
using available normative data.28 Trails B shows 
good construct validity in its relationship with 
other timed executive dysfunction tests. Interrater 
reliability has been reported to be 0.94 for Trails 
A and 0.90 for Trails B.30 This test is commonly 
used in studies of cognition post stroke32 and has 
been recommended by the National Institute of 
Neurological Disorders and Stroke harmonization 
standards.33
Paced Auditory Serial Addition Test
The PASAT20 is an audio-taped task that 
presents participants with a list of 61 single-digit 
numbers. Participants must add each number to 
the preceding number and state their answer. 
Over trials, speed of presentation increases. Only 
the 2 slowest trials were administered in this 
study (2.4-second interstimulus interval [ISI] 
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General Health Questionnaire-28
The General Health Questionnaire-2858 (GHQ-
28) is a well-established and validated measure of 
psychological morbidity in various patient groups, 
including persons with stroke, stroke caregivers, 
and general practice populations.58–60 Sensitivity 
and specifi city of the self-rated GHQ-28 (0.7 and 
0.8, respectively) are satisfactory,58,61,62 and its 
scores correlate well with the standard psychiatric 
diagnostic assessment measures.63,64 The GHQ-
28 has 4 subscales measuring somatic symptoms, 
anxiety and insomnia, social dysfunction, and 
severe depression (including suicidal ideation). 
It has been validated in New Zealand women.65 
The GHQ-28 will be considered, in addition to 
the SF-36, because of its inclusion of a depression 
subscale. Individuals with poststroke depression 
exhibit significantly more neuropsychological 
impairment than their nondepressed counterparts 
when matched on size and location of lesion.66
Cognitive Failures Questionnaire
The Cognitive Failure Questionnaire67 (CFQ) 
is a 25-item, self-report assessment of everyday 
diffi culties related to cognition across 4 areas: 
memory, naming, concentration, and blunders.68,69 
The frequency with which each item (eg, 
Do you drop things? Do you fi nd you forget 
people’s names?) occurs is rated from 0 (never) 
to 4 (very often). Ratings on this questionnaire 
remain relatively stable over time and are highly 
correlated to ratings from signifi cant others,67 
and it is commonly used to assess daily cognition 
poststroke.35,70
Procedure
Participants were approached within 3 weeks 
post stroke, at which time the study was explained 
to them and initial inclusion/exclusion criteria 
were reviewed to determine eligibility. Those 
participants eligible for inclusion in the main trial25 
who consented to participate in the study then 
had an individual assessment session scheduled. 
Only baseline assessment data were included in 
analyses for this article. Baseline assessments were 
conducted in bookable rooms within the hospital 
health components of health-related quality of life 
(HRQoL), as measured by the Physical Component 
Summary (PCS) score and Mental Component 
Summary (MCS) score. This is a standard measure 
of HRQoL in stroke patients.42–44 The SF-36 has 
been tested for validity and reliability across various 
populations,45,46 including stroke patients43,47 
and ethnic groups such as Ma-ori, Pacifi c Island 
peoples, and New Zealand Europeans.48,49 The 
SF-36 comprises 36 self-rated items organized into 
8 scales, with each scale scored out of 100 points. 
These have been standardized to have a mean of 50 
and standard deviation of 10.41 Higher scores are 
associated with better HRQoL.
London Handicap Scale
The London Handicap Scale50 (LHS) has 
been well validated in stroke survivors51,52 and 
covers all of the domains of the World Health 
Organization’s defi nition of handicap (mobility, 
physical independence, occupation, social 
integration, orientation, and economic self-
suffi ciency). Each of these 6 areas is classifi ed on a 
6-point scale ranging from 0 (maximum handicap) 
to 5 (no handicap). Overall scores above 15 indicate 
no, slight, or moderate handicap and those below 
15 indicate considerable, severe, or extreme 
handicap.53 The test-retest reliability coeffi cient for 
the LHS is 0.91.50
Modifi ed Rankin Scale
Level of disability or independence in activities 
of daily living was evaluated by the Modifi ed 
Rankin Scale (MRS).54 The MRS defi nes 6 levels 
of disability, with level 6 being death and level 0 
refl ecting independence/no disability.55,56 Although 
the MRS is highly correlated with other commonly 
used measurements of poststroke disability such 
as the Barthel Index and FIM,* individual scores 
in the MRS describe clinically distinct functional 
states of the patients and, therefore, have some 
advantage over these measurements.26 Good 
outcome is usually defi ned as MRS <3 and poor 
outcome as 3–6.57
* FIM™ is a trademark of Uniform Data System for Medical 
Rehabilitation, a division of UB Foundation Activities, Inc.
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and 22.20 (SD = 12.33), respectively. The greatest 
proportion of participants (52.9%) performed 
within the average range on the 2.0-second trial 
and the below-average range (54.9%) on the 
2.4-second trial. A number of participants were 
too cognitively impaired to complete the PASAT, 
which may have elevated the resulting scores.
Visual attention
As seen in Table 2, more than 50% of 
participants produced impaired or very impaired 
scores on the IVA-CPT indices of visual attention, 
producing mean z scores falling more than 3 SDs 
below the normative mean, which is consistent 
with performance on the IVA-CPT auditory 
attention index. In contrast, mean z scores Trails A 
and B scores were slightly better, falling 2 to 3 SDs 
below the normative mean, with mean raw scores 
of 92.28 seconds (SD = 91.68) and 212.54 seconds 
(SD = 158.78), respectively. On Trails A and B 
the greatest proportion of participants performed 
within the average range, and a smaller but still 
large proportion of participants (26%–28%) 
performed in the very impaired range.
Visual neglect
On the Bells test, most participants did not 
miss any stimuli in any portion of the test. With 
the applying standard criteria of ≥3 bells omitted, 
24.2% of participants experienced left visual 
inattention, 14.3% experienced right visual 
inattention, and 2% experienced both left and 
right visual inattention.
Relationship of attention to demographics, stroke 
site, or overall functioning
To examine relationships between demographic 
and stroke characteristics and attention, we 
conducted a 2 × 2 × 3 multivariate analysis of 
variance with gender, hemisphere of stroke (left, 
right), and ethnicity (European, Ma-ori, other) as 
grouping variables and performance on measures 
of attention as dependent variables. Note that 
ethnic groupings were small, and therefore 
conclusions drawn from the fi ndings must be 
viewed with caution. Bonferroni correction was 
or in the participant’s place of residence if he or she 
had been discharged. Only 1 participant was still a 
resident in a poststroke rehabilitation facility at the 
time of assessment. All assessments were conducted 
within 1 week of initial contact with the participant. 
All cognitive assessments were conducted by a 
trained neuropsychologist and were administered 
and scored according to standard procedures. 
On the IVA-CPT index of persistence (measures 
motivation and can refl ect motor or mental fatigue), 
all participants’ scores were within 1 standard 
deviation of the normative mean, indicating 
adequate motivation to perform well.
Results
In following directly from the 3 aims of this study, 
we present the results in 3 sections. First, we present 
performance across attention measures to identify 
the frequency of various forms of attention defi cit 
(both visual and auditory) after fi rst-ever stroke. 
Second, we use correlation analyses to determine 
whether participant and stroke characteristics (ie, 
demographics, stroke characteristics, poststroke 
functioning) are associated with greater likelihood 
of attention deficits. Finally, we use further 
correlation analyses to examine relationships 
between measures of attention and measures of 
disability, handicap, and HRQoL.
Frequency of attention defi cits
Table 2 presents performance of the sample 
across measures of attention, both as mean 
performance and as the proportion of individuals 
whose z scores fell in particular ranges. These are 
discussed in terms of auditory attention, visual 
attention, and visual neglect tasks.
Auditory attention
As seen in Table 2, more than 50% of participants 
produced impaired or very impaired scores on the 
IVA-CPT indices of auditory attention, producing 
mean z scores falling more than 3 SDs below the 
normative mean. Mean z scores for 2.4-second 
and 2.0-second pacing PASAT trials fell 1 to 2 
SDs below the normative mean, with the mean 
number correct per trial being 25.47 (SD = 10.83) 
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Bivariate correlations were then generated 
between scores across measures of attention and 
the continuous demographic variables age and 
time since stroke. Also of interest were correlations 
between measures of attention and overall level 
of functional independence (Barthel Index) and a 
screening measure for cognitive function (MMSE). 
Because of the number of correlation coeffi cients 
generated, correlations signifi cant at the .05 level 
should be viewed with caution due to the possibility 
of type I errors. Figure 1 has been produced to assist 
in the interpretation of these fi ndings. As can be seen 
in Table 3, age was only signifi cantly correlated 
with Trails B with P < .05. Time since stroke was 
significantly related to all attention measures 
except the slowest PASAT trial (these relationships 
are presented graphically in Figure 1A, where 
performance on attention measures was much more 
variable nearer to the time of stroke and improved 
as time since stroke increased). Reduced functional 
independence (Barthel Index) was also signifi cantly 
related to increased attention difficulties as 
used to accommodate multiple comparisons. 
The results revealed a signifi cant main effect for 
ethnicity, F(30, 21) = 2.283, P = .026, η2 = .985. 
There were no signifi cant main effects for gender 
or hemisphere (P > .05). Contributing signifi cantly 
to the main effect of ethnicity were performance 
on Trails A (P = .010) and the left side of the Bells 
test (P = .002). On both measures, participants of 
European ancestry produced signifi cantly better 
scores than Ma-ori participants.
There was also a signifi cant interaction between 
ethnicity and gender, F(10, 7) = 3.740, P = .047, 
η2 = .842, to which performance on the left side 
of the Bells test contributed (P = .011). Those 
of European or other ethnicity did not differ 
signifi cantly by gender in their performance on 
the left side of the Bells test. However, while Ma-ori 
women performed particularly well on this task, 
Ma-ori men performed particularly poorly. As 
noted earlier, the small number of Ma-ori in the 
sample (n = 11) means that these fi ndings require 
replication.
Table 2. Performance across attention measures as group mean performance and proportion of z scores 
falling within particular ranges
% within each z score range
Measure N Mean (SD)
<−3 ≥−3 and <−2 ≥−2 and <−1 ≥−1 and <1 ≥ 1 and <2 ≥2 and <3 ≥3
Very impaired Impaired Below 
average
Average Above 
average
Superior Very 
superior
IVA-CPT
 Full 87 −3.66 (3.32) 50.6 10.3 12.6 26.4 0 0 0
 Auditory 87 −3.16 (3.02) 43.7 8.0 23.0 24.1 1.1 0 0
 Visual 87 −3.49 (3.60) 39.1 17.2 11.5 29.9 2.3 0 0
Trails
 A 82 −2.71 (4.56) 28.0 11.0 11.0 45.1 4.9 0 0
 B 71 −2.34 (3.15) 26.8 15.5 16.9 40.8 0 0 0
PASAT
 2.4 s 51 −1.41 (0.83) 0 21.6 54.9 21.6 2.0 0 0
 2.0 s 51 −1.08 (0.95) 2.0 17.6 25.5 52.9 2.0 0 0
% with specifi ed number of Bells missed
0 1 2 3 >3
Bells test 
 (raw score)a
 Left 91 12.48 (4.48) 48.4 22.0 5.5 5.5 18.7
 Center 91 4.42 (1.22) 71.4 16.5 4.4 2.2 5.5
 Right 91 13.57 (2.62) 50.5 25.3 9.9 3.3 11.0
Note: IVA-CPT = Integrated Visual and Auditory Continuous Performance test; PASAT = Paced Auditory Serial Addition Test.
a Maximum raw score Bells left and right = 15; Bells center = 5.
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indicated by performance on each section of the 
Bells test, IVA-CPT full-scale and visual attention 
quotient, and Trails A (see Figure  1B). General 
cognitive defi cit (MMSE) was also signifi cantly 
related to increased attention defi cit on the Bells 
test,  IVA-CPT, and Trails A and B (see Figure 1C). 
As can be seen in Figure 1C, IVA-CPT scores 
showed improvement once MMSE scores reached 
24, whereas improvement in Trails A was most 
evident once MMSE reached 23 and Trails B 
showed improvement as MMSE scores increased 
from the minimum level for inclusion in the study 
(MMSE of 21). Neither the Barthel nor the MMSE 
was signifi cantly related to the PASAT (P > .05), 
and these are therefore not included in Figure 1B 
or 1C.
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Figure 1. Mean z scores (raw scores for Bells test) on tests of attention in relation to (A) days since stroke, 
(B) Barthel Index, and (C) Mini-Mental State Examination (MMSE). IVA = Integrated Visual and Auditory 
test; PASAT = Paced Auditory Serial Addition Test.
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Correlations between attention measures and 
functional outcomes
Bivariate correlations were generated between 
scores across measures of attention and functional 
outcomes as measured by the CFQ, SF-36 MCS 
and PCS, and GHQ. Better performance on each 
aspect of the Bells test was signifi cantly related 
to better physical component score on the SF-36 
quality of life measure (r
left
 = 0.437, P = .003; 
r
center
 = 0.312, P = .042; and r
right
 = 0.379, P = .012). 
A higher SF-36 MCS score was related to better 
performance on Trails A (r = 0.390, P = .016) 
and both trials of the PASAT (r = 0.614, P = .004; 
and r = 0.716, P < .001, respectively). The only 
other correlations that reached signifi cance were 
between CFQ naming and Trails B performance 
(r = 0.388, P = .026) and where better performance 
on the PASAT was related to worse CFQ memory 
performance (r = −0.470, P = .036).
Discussion
The literature suggests that at least 30% of 
individuals experience visual inattention in the 
acute stage post stroke.2 In the present sample 
(applying criteria of ≥3 bells omitted), 24.2% of 
participants experienced left visual inattention, 
14.3% experienced right visual inattention, and 
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Table 3. Correlations of continuous demographic 
and functional variables with measures of attention
Attention measure Age
Time since 
stroke (days)
Barthel 
Index MMSE
Bells test
 Left ns .335** .361*** .288**
 Center ns .339** .263** ns
 Right ns .290** .414*** .372***
IVA-CPT
 Full ns .282* .233* .379***
 Auditory ns .247* ns .395***
 Visual ns .276* .224* .403***
PASAT
 2.4 seconds ns ns ns ns
 2.0 seconds ns .305* ns ns
Trails
 A ns .319** −.270* −.293**
 B .274* .337** ns −.456***
Note: MMSE = Mini-Mental State Examination; IVA-CPT = 
Integrated Visual and Auditory Continuous Performance test; 
PASAT = Paced Auditory Serial Addition Test; ns = not signifi cant, 
P > .05.
*P < .05. **P < .01. ***P < .001.
(C)
Figure 1. Continued
2% had both left and right visual inattention; 
the result was slightly higher (36.5%) than that 
of Nys.2 However, if one looks at more complex 
forms of attention, 30% to 60% were impaired or 
very impaired. This is consistent with literature 
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a number of participants were too impaired to 
participate in the PASAT assessment. It is possible 
that, had these individuals participated in the 
PASAT, performance on this task would have been 
worse than the IVA-CPT, refl ecting the PASAT’s 
higher reliance on speed of processing.
An additional factor that must be considered 
in any examination involving self-report after 
stroke is anosognosia. Anosognosia is one of the 
most common neurobehavioral impairments 
after right hemisphere stroke74,75 and can lead 
to signifi cant disability.76 As anosognosia can 
involve the unawareness of cognitive, emotional, 
and physical sequelae of stroke,77 it can result 
in underreporting of diffi culties on self-report 
questionnaires. In the present sample, 45% of 
participants had experienced right hemisphere 
stroke and were therefore at increased likelihood 
of experiencing anosognosia. Those with left and 
right hemisphere stroke did not differ signifi cantly 
in terms of actual levels of cognition (MMSE 
cognitive screen) or disability (Barthel Index and 
MRS). Thus, if anosognosia had been present, 
we might have expected those persons with right 
hemisphere lesion to report fewer diffi culties on 
self-report questionnaires. Comparison of left 
and right hemisphere groups (t tests) on self-
reported quality of life (SF-36 MCS and PCS), 
day-to-day cognitive difficulties (CFQ), and 
overall health (GHQ-28) revealed that these did 
not differ (P > .05). Therefore, it is unlikely that 
anosognosia had any signifi cant impact on self-
report within this sample.
Participants who had a longer delay between 
stroke occurrence and assessment performed 
better across measures of attention. This suggests 
spontaneous recovery of attention defi cits within 
the fi rst weeks after stroke. This has implications 
for rehabilitation in terms of when to best assess 
deficits in attention and to target these for 
intervention. In a recent randomized controlled 
trial,25 provision of 4 weeks of Attention Process 
Training beginning within 4 weeks poststroke 
resulted in signifi cantly greater improvement than 
usual care, suggesting that early assessment and 
intervention can be of benefi t.
Persons of Ma-ori ethnicity performed worse 
than other ethnicities on both Trails A and the 
left side of the Bells test. Ma-ori women performed 
that suggests that 46% to 92% of stroke survivors 
will present with attention defi cits during acute 
recovery,21 with these rates dropping to 20% to 
43% at 6 weeks post stroke.71
Most participants in the present study produced 
impaired or very impaired scores in both visual 
and verbal modalities on the IVA-CPT but not 
in other measures of attention. This increased 
sensitivity may refl ect the underpinning of the 
IVA-CPT task. That is, unlike other tests, the IVA-
CPT was not designed to merely identify attention 
defi cits but to evaluate the impact of treatment 
regimens in attention deficit hyperactivity 
disorder (ADHD).72 The IVA-CPT can differentiate 
individuals in the control group from individuals 
with mild traumatic brain injury or adulthood 
ADHD.73 Alternatively, differences could be due 
to the type of attention being assessed. Tests such 
as the IVA-CPT are thought to assess sustained, 
selective, and alternating attention. The remaining 
tests administered here assess focused attention/
visual neglect (Bells test) and alternating and 
divided attention (Trails and PASAT tests).28 Thus, 
differences between test performances may refl ect 
differences in the prevalence of different forms of 
attention defi cit, with the heightened rates for the 
IVA-CPT refl ecting higher prevalence of sustained 
attention defi cits; the similar fi ndings for the 
Trails and PASAT tests refl ect their assessment of 
alternating and divided attention, despite these 
being in different modalities.
It is also possible that test performances 
were affected by other abilities such as speed of 
processing, which was required by a number of the 
tests administered. For example, within the visual 
attention domain, Trails A and B are more reliant 
on fi ne motor speed than the IVA-CPT, and it is 
possible that poor fi ne motor ability contributed 
to this group performing in the very impaired 
range on Trails A and B. In contrast, the IVA-CPT 
is quite lengthy by comparison to Trails A and B, 
and fatigue may have contributed to the overall 
poorer performance on this measure, though this 
was not refl ected in persistence scores on that task. 
In the auditory attention domain, the PASAT is also 
known to be highly reliant on speed of processing.17 
Participants who were able to complete this task 
performed better than those who completed 
the IVA-CPT; however, as previously indicated, 
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used here, the PASAT and Trails A are those most 
highly refl ective of speed of response. Thus, it is 
possible that it is this aspect of the tests that is 
refl ected in the impact of mental ability on quality 
of life rather than attention per se.
Strengths and limitations
The study’s strengths are its use of multiple 
standardized assessments of various forms of 
attention and functional outcomes rather than 
reliance on a single measure, its relatively large 
sample of consecutively admitted patients, 
and the low number of patients with missing 
data. The main study limitation was a relatively 
strict inclusion criteria limiting generalizability. 
Although the sample size was relatively large and 
Bonferroni correction was used for between-group 
comparisons, the number of analyses performed 
may have led to chance fi ndings, as might have 
comparison of smaller sized subgroups. Long-
term changes in attention beyond the acute stage 
poststroke also remain to be evaluated.
Conclusions
Notwithstanding these limitations, the fi ndings 
indicate that attention is a common area of defi cit 
poststroke. Furthermore, the frequency of these 
defi cits varies greatly across the various forms 
of attention that can be assessed, with greater 
frequency of defi cits associated with more complex 
forms of attention. Early broad-based assessment 
and rehabilitation of attention should be part of 
poststroke rehabilitation, and rehabilitative efforts 
can result in signifi cant amelioration of attention 
deficits.25 Further studies are required with 
larger samples that include repeated assessments 
to determine the natural course of recovery for 
attention and to establish whether this differs for 
various forms of attention.
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particularly well on the Bells task, whereas Ma-ori 
men performed particularly poorly, though 
these fi ndings are based on very small samples 
and must therefore be viewed with caution. It 
is also possible that this fi nding is a refl ection 
of the small number of participants within each 
ethnicity by gender cell. In examining potential 
explanations for this difference, we note that 80% 
of Ma-ori males experienced a right hemisphere 
stroke compared with 50% of Ma-ori females. In 
contrast, males and females of European ethnicity 
similarly had roughly half of all strokes in the right 
hemisphere (50% and 53%, respectively), as did 
males and females of other ethnicities (40% and 
50%, respectively). Left hemi-inattention resulting 
from right hemisphere damage may therefore have 
contributed to poor scores of Ma-ori males on Bells 
and Trails A tests.
That there were no signifi cant main effects 
for hemisphere of lesion was an unexpected 
fi nding. The literature is clear that neural systems 
supporting spatial attention are usually within the 
right hemisphere78 and that the right posterior 
parietal cortex plays a central role in visuospatial 
and orienting attention.79 Whereas roughly equal 
numbers within our sample experienced right 
and left hemisphere lesions, only a very small 
number (n = 7; 8.5%) had lesions in the posterior 
area of the cortex, which may have reduced our 
ability to replicate this relationship. However, as 
noted by Posner and Petersen,80(p29) the “left and 
right hemispheres both carry out the operations 
needed for shifts of attention in the contralateral 
direction, but they have more specialized 
functions in the level of detail to which attention 
is allocated.”
Finally, the fi nding of a relationship between the 
physical component score of the SF-36 with visual 
neglect suggests that attention plays an important 
role in determining overall satisfaction with the 
level of recovery. In contrast, the mental component 
score on the SF-36 was signifi cantly related to 
performance on both Trails A and the PASAT. Even 
though limitations on physical functioning that 
might result from visual hemineglect are obvious, 
the relationship of Trails A and PASAT to the 
mental component of quality of life is less clear. 
One possible factor to explain this relationship is 
speed of processing. That is, of the attention tests 
474 TOPICS IN STROKE REHABILITATION/NOV-DEC 2010
REFERENCES
 1. Tuhrim S. Advances in Stroke Rehabilitation. 
Gordon, WA: Andover Medical Publishers; 1993.
 2. Nys GMS. The Neuropsychology of Acute Stroke: 
Characterisation and Prognostic Implications 
[dissertation]. Utrecht, The Netherlands: Utrecht 
University; 2005.
 3. Hochstenbach J, Mulder T, van Limbeek J, 
Donders R, Schoonderwaldt H. Cognitive decline 
following stroke: a comprehensive study of 
cognitive decline following stroke. J Clin Exp 
Neuropsychol. 1998;20:503–517.
 4. Ballard C, Stephens S, Kenny J, Kalaria R, Tovee M, 
O’Brien J. Profi le of neuropsychological defi cits in 
older stroke survivors without dementia. Dement 
Geriatr Cogn Disord. 2003;16:52–56.
 5. Graham JE, Rockwood K, Beattie BL, et al. Prevalence 
and severity of cognitive impairment with and 
without dementia in an elderly population. Lancet. 
1997;349:1793–1796.
 6. Marshall S, Grinnell D, Heisel B, Newall A, Hunt L. 
Attention deficits in stroke patients: a visual 
dual task experiment. Arch Phys Med Rehabil. 
1997;78:7–12.
 7. McDowd J, Filion DL, Pohl PS, Richards LG, 
Stiers W. Attentional abilities and functional 
outcomes following stroke. J Gerontol B Psychol Sci 
Soc Sci. 2003;58:45–53.
 8. Broadbent D. Perception and Communication. 
London, UK: Pergamon Press; 1958.
 9. Treisman A. Selective attention in man. Br Med Bull. 
1964;20:12–16.
 10. Treisman AM, Gelade G. A feature-integration 
theory of attention. Cognitive Psychol. 1980;12:
97–136.
 11. Deutsch JA, Deutsch D. Attention: some theoretical 
considerations. Psychol Rev. 1963;70:80–90.
 12. Norman D. Towards a theory of memory and 
attention. Psychol Rev. 1968;75:522–536.
 13. Kahneman D. Attention and Effort. Englewood 
Cliffs, NJ: Prentice Hall; 1973.
 14. Allport DA, Antonis B, Reynolds P. On the division 
of attention: a disproof of the single channel 
hypothesis. Q J Exp Psychol. 1972;24:225–235.
 15. Baddeley A, Hitch G. Working memory. In: Bower 
GH, ed. The Psychology of Learning and Motivation: 
Advances in Research and Theory. New York: 
Academic Press; 1974:47–89.
 16. Baddeley AD. The episodic buffer: a new 
component of working memory? Trends Cognitive 
Sci. 2000;4:417–423.
 17. Lezak M, Howieson D, Loring D. Neuropsychological 
Assessment. 4th ed. New York: Oxford University 
Press; 2004.
 18. Sohlberg MN, Mateer CA. Introduction to Cognitive 
Rehabilitation, Theory and Practice. New York: 
Guilford Press; 1989.
 19. Partington JE, Leiter RG. Partington’s pathway test. 
Psychol Service Center Bull. 1949;1:9–20.
 20. Gronwall D. Paced auditory serial addition task: 
a measure of recovery from concussion. Percept 
Motor Skills. 1977;44:367–373.
 21. Stapleton T, Ashburn A, Stack E. A pilot study 
of attention defi cits, balance control and falls in 
the subacute stage following stroke. Clin Rehabil. 
2001;15:437–444.
 22. Robertson IH, Ridgeway V, Greenfi eld E, Parr A. 
Motor recovery after stroke depends on intact 
sustained attention: a 2-year follow-up study. 
Neuropsychology. 1997;11:290–295.
 23. Schmidt R. Motor Control and Learning: A 
Behavioural Emphasis. Champaign, IL: Human 
Kinetics Publishers; 1988.
 24. Duncan PW, Zorowitz R, Bates B, et al. Management 
of adult stroke rehabilitation care: a clinical practice 
guideline. Stroke. 2005;38:e100–e143.
 25. Barker-Collo SL, Feigin VL, Lawes CMM, Parag V, 
Senior H, Rodgers A. Reducing attention defi cits 
after stroke using attention process training: a 
randomised controlled trial. Stroke. 2009;40:
3293–3298.
 26. Kwon SH, Hartzema AG, Duncan PW, Min-Lai S. 
Disability measures in stroke: relationship among 
the Barthel Index, the Functional Independence 
Measure, and the Modifi ed Rankin Scale. Stroke. 
2004;35:918–923.
 27. Gauthier L, DeHaut F, Joanette Y. The Bells test: a 
quantitative and qualitative test for visual neglect. 
Int J Clin Neuropsychol. 1989;11:49–54.
 28. Strauss E, Sherman EMS, Spreen O. A Compendium 
of Neuropsychological Tests: Administration, Norms, 
and Commentary. New York: Oxford University 
Press; 2006.
 29. Sandford JA, Turner A. Integrated Visual and 
Auditory Continuous Performance Test Manual. 
Richmond, VA: Braintrain Inc; 2000.
 30. Lezak MD. Neuropsychological Assessment. New 
York: Oxford University Press; 1995.
 31. Spreen O, Strauss, E. A Compendium of 
Neuropsychological Tests. New York: Oxford 
University Press; 1988.
 32. Barker-Collo SL. Depression and anxiety 3 months 
post stroke: prevalence and correlates. Arch Clin 
Neuropsychol. 2007;22:519–531.
 33. Hachinski V, Iadecola C, Petersen RC, et al. 
National Institute of Neurological Disorders 
and Stroke–Canadian Stroke Network vascular 
cognitive impairment harmonization standards. 
Stroke. 2006;37:2220–2241.
 34. Larabee GJ, Curtiss G. Construct validity of 
various visual and verbal memory tests. J Clin Exp 
Neuropsychol. 1995;17:536–547.
 35. Westerberg H, Jacobaeus H, Hirvikoski T, et al. 
Computerised working memory training after 
stroke: a pilot study. Brain Inj. 2007;21:21–29.
 36. Mahoney FI, Barthel, D. Functional evaluation: the 
Barthel Index. Md State Med J 1965;14:56–61.
 37. Gresham GE, Phillips TF, Labi ML. ADL status in 
stroke: relative merits of three standard indexes. 
Arch Phys Med Rehabil. 1980;61:355–358.
 38. Collin C, Wade, DT, Davies S, Horne V. The Barthel 
ADL Index: a reliability study. Int Disabil Stud. 
1988;10:61–63.
 Attention After Incident Stroke 475
 56. Rankin J. Cerebral vascular accidents in patients 
over the age of 60: II. prognosis. Scottish Med J 
1957;2:200–213.
 57. Sulter G, Steen C, De KJ. Use of the Barthel Index 
and Modifi ed Rankin Scale in acute stroke trials. 
Stroke. 1999;30:1538–1541.
 58. Goldberg P. Manual of the General Health 
Questionnaire. Windsor, Berkshire, UK: NFER-
Nelson; 1978.
 59. Goldberg P. The Detection of Psychiatric Illness by 
Questionnaire. London, UK: Oxford University 
Press; 1972.
 60. Wade DT, Wood VA, Hewer RL. Recovery of 
cognitive function soon after stroke: a study of 
visual neglect, attention span and verbal recall. J 
Neurol Neurosurg Psychiatry. 1988;51:10–13.
 61. Banks MH. Validation of the General Health 
Questionnaire in a young community sample. 
Psychol Med. 1983;13:349–353.
 62. Skuse D, Williams P. Screening for psychiatric 
disorder in general practice. Psychol Med. 
1984;14:365–377.
 63. Goldberg DP, Rickels K, Downing R, Hesbacher P. 
A comparison of two psychiatric screening tests. Br 
J Psychiatry. 1976;129:61–67.
 64. Wing JK, Cooper JE, Sartorius N. Measurement and 
Classifi cation of Psychiatric Symptoms: An Instruction 
Manual for PSE and Catego Program. London, UK: 
Cambridge University Press; 1974.
 65. Romans-Clarkson SE, Walton VA, Herbison GP, 
Mullen PE. Validity of the GHQ-28 in New Zealand 
women. Aust N Z J Psychiatry. 1989;23:187–196.
 66. Starkstein SE, Robinson RG, Price TR. Comparison 
of patients with and without poststroke major 
depression matched for size and location of lesion. 
Arch Gen Psychiatry. 1988;45:247–252.
 67. Broadbent D, Cooper PF, Fitzgerald P, Parkes KR. 
The Cognitive Failures Questionnaire (CFQ) and its 
correlates. Br J Clin Psychol. 1982;21:1–16.
 68. Wallace CJ. Confi rmatory factor analysis of the 
Cognitive Failures Questionnaire: evidence 
for dimensionality and construct validity. Pers 
Individual Differences. 2004;37:307–324.
 69. Wallace JC, Kass SJ, Stanny CJ. The Cognitive 
Failures Questionnaire revisited: dimensions and 
correlates. J Gen Psychol. 2002;129 238–256.
 70. Boosman H, Passier PE, Visser-Meily JM, Rinkel G, 
Post MW. Validation of the Stroke-Specifi c Quality 
of Life Scale (SS-QOL) in patients with aneurysmal 
subarachnoid haemorhage. J Neurol Neurosurg 
Psychiatry. 2010;81(5):485–489.
 71. Hyndman D, Ashburn A. People with stroke living 
in the community: attention defi cits, balance, 
ADL ability and falls. Disabil Rehabil. 2003;25:
817–822.
 72. Harding KL, Judah RD, Grant CE. Outcome-based 
comparison of Ritalin versus food-supplement 
treated children with AD/HD. Alternative Med Rev. 
2003;8:319–330.
 73. Tinius TP. The Intermediate Visual and Auditory 
Continuous Performance Test as a neuropsycho-
logical measure. Arch Clin Neuropsychol. 
2003;18:199–214.
 39. Loewen SC, Anderson BA. Predictors of stroke 
outcome using objective measurement scales. 
Stroke. 1990;21:78–81.
 40. Folstein MF, Folstein SE, McHugh PR. “Mini-
mental state”: a practical method for grading 
the cognitive state of patients for the clinician. J 
Psychiatr Res 1975;12:189–198.
 41. Ware JE, Kosinski M, Keller SD. SF-36 Physical and 
Mental Health Summary Scales: A Users Manual. 
2nd ed. Boston, MA: The Health Institute; 1994.
 42. Dorman P, Slattery J, Farrell B, Dennis M, 
Sandercock P. Qualitative comparison of the 
reliability of health status assessments with the 
Euroqol and SF-36 questionnaires after stroke. 
Stroke. 1998;29:63–68.
 43. Hackett ML, Duncan JR, Anderson CS, Broad JB, 
Bonita R. Health-related quality of life among long-
term survivors of stroke: results from the Auckland 
Stroke Study, 1991–1992. Stroke. 2000;31: 440–447.
 44. Williams L, Weinberger M, Harris LE, Biller J. 
Measuring quality of life in a way that is meaningful 
to stroke patients. Neurology. 1999;53:1839–1843.
 45. Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. 
Translation, adaptation, and validation of the SF-36 
Health Survey for use in Japan. J Clin Epidemiol. 
1998;51:1037–1044.
 46. Sanson-Fisher RW, Perkins JJ. Adaptation and 
validation of the SF-36 Health Survey for use in 
Australia. J Clin Epidemiol. 1998;51:961–967.
 47. Anderson C, Carter C, Hackett M, Feigin V, 
Barber A, Bonita R. Trends and disparities in stroke 
incidence in Auckland, New Zealand, during 1981 
to 2003. Stroke. 2005;36:2087–2093.
 48. Scott KM, Tobias MI, Sarfati D, Haslett SJ. SF-36 
Health Survey reliability, validity and norms 
for New Zealand. Aust N Z J Public Health. 
1999;23:401–406.
 49. Scott KM, Sarfati D, Tobias MI, Haslett SJ. A 
challenge to the cross-cultural validity of the SF-36 
Health Survey: factor structure in Maori, Pacifi c 
and New Zealand European ethnic groups. Soc Sci 
Med 2000;51:1655–1664.
 50. Harwood RH, Gompertz P, Ebrahim S. Handicap 
one year after a stroke: validity of a new scale. J 
Neurol Neurosurg Psychiatry. 1994;57:825–829.
 51. Harwood RH, Gompertz P, Pound P, Ebrahim S. 
Determinants of handicap 1 and 3 years after a 
stroke. Disabil Rehabil. 1997;19:205–211.
 52. Sturm JW, Donnan GA, Dewey HM, Macdonell 
RA, Gilligan AK, Thrift AG. Determinants of 
handicap after stroke: the North East Melbourne 
Stroke Incidence Study (NEMESIS). Stroke. 
2004;35:715– 720.
 53. Jenkinson C, Mant J, Carter J, Wade D, Winner S. 
The London Handicap Scale: A re-evaluation 
of its validity using standard scoring and 
simple summation. J Neurol Neurosurg Psychiatry. 
2000;6:365–367.
 54. Bamford J, Sandercock PAG, Warlow CP, Slattery J. 
Interobserver agreement for the assessment of 
handicap in stroke patients. Stroke. 1989;20:828.
 55. Bonita R, Beaglehole R. Recovery of motor function 
after stroke. Stroke. 1988;19:1497–1500.
476 TOPICS IN STROKE REHABILITATION/NOV-DEC 2010
 77. Kortte K, Hillis AE. Recent advances in the 
understanding of neglect and anosognosia 
following right hemisphere stroke. Curr Neurol 
Neurosci Rep. 2009;9:459–465.
 78. Floel A, Buyx A, Breitenstein C, Lohmann H, 
Knecht S. Hemispheric lateralization of spatial 
attention in right- and left-hemispheric language 
dominance. Behav Brain Res. 2005;158: 269–275.
 79. Rushworth MF, Ellison A, Walsh V. Complementary 
localization and lateralization of orienting and 
motor attention. Nature Neurosci. 2001;4: 656–661.
 80. Posner ML, Petersen SE. The attention system of the 
human brain. Ann Rev Neurosci. 1990;13:25–42.
 74. Appelros P, Karlsson G, Seiger A, Nydevik I. Neglect 
and anosognosia after fi rst-ever stroke: incidence 
and relationship to disability. J Rehabil Med. 
2002;34:215–220.
 75. Jehkonen M, Laihosalo M, Kettunen J. Anosognosia 
after stroke: assessment, occurrence, subtypes, 
and impact on functional outcome reviewed. 
Acta Neurologica Scandinavica. 2006;114:
293–306.
 76. Gialanella B, Monguzzi V, Santoro R, Rocchi S. 
Functional recovery after hemiplegia in patients 
with neglect: the rehabilitative role of anosognosia. 
Stroke. 2005;36:2687–2690.
